Suicide rates in Germany consistently decreased from 1991 to 2006, but this trend was reversed in 2007. Underlying this reversal were large increases in suicides due to gassing in females and in being overrun in males. During a similar time period (2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013), Asian and some Western countries have also observed abrupt increases in suicides due to certain gasses, and the availability of "how-to" information on the Internet about these painless methods of suicide is thought to play a role in their increased use. This study used data from the Federal Statistics Office of Germany to examine current trends in overall suicide mortality in Germany (2007Germany ( -2015 as well by age, gender, and suicide methods. Also assessed was whether suicides via newly emergent methods are associated with the frequency of corresponding Internet searches using data from Google Trends. Joinpoint regression analyses indicated significant increases in the overall suicide rate (Average Annual Percentage Change (AAPC) = 2.37%) for females, but not males. The largest annual increases were observed in gassing self-intoxication suicides (AAPC = 13.93%), the majority of which involved carbon monoxide. The increase in gassing suicides was larger in females (500%), compared to males (164%). The frequency of suicides by gassing was significantly associated with Internet searches for "carbon monoxide poisoning" for both male and female subgroups, independent of age group. This study provides the updated suicide surveillance data that are necessary for suicide prevention activities. Results are congruent with the recent abrupt rises in carbon monoxide suicides in other countries.
Introduction
In Germany, the rate of overall suicides steadily decreased from 14.19 per 100,000 in 1998 to 11.86 per 100,000 in 2006, but this decline ended and was even slightly reversed from 2007 to 2010 [1] . Underlying this unfavorable change were increases in "intentional self-poisoning by exposure to other gases and vapors than organic solvents and halogenated hydrocarbons and PLOS ONE | https://doi.org/10.1371/journal.pone.0190136 December 28, 2017 1 / 10 a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
their vapors" (International Classification of Diseases, ICD-10, X67) especially in the young (ages 25 and under) and among females, and in "jumping or lying before moving object", the majority of which are railway suicides ("being overrun") in males [1] . While Koburger and colleagues [2] elaborated and attributed the latter finding to the widely publicized railway suicide of German football player Robert Enke, the former trend in gassing suicides remained unexplained.
Since then, other countries have observed large increases in suicides due to certain gasses. The end of the 20 th century and the early 2000s were marked by rapid increases in suicide by charcoal burning in Hong Kong and Japan [3, 4] . These increases represented changes as large as from 1% to 25% and 30% within a decade [4] [5] [6] . More recently, suicides by charcoal burning in Hong Kong and Japan have decreased and this reversal has coincided with substantial increases in the number of suicides due to helium gassing [3, 7] . A similar trend (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) was observed in 16 U.S. states; where helium suicides more than doubled and carbon monoxide suicides declined [8] . The numbers of suicide by helium asphyxiation have also recently risen in Australia and Sweden [9] . During a comparable period (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) in England and Wales, there was a 17-fold increase in suicide deaths by helium and also large increases in suicide by carbon monoxide poisoning due to charcoal burning [10] . The Internet is thought to play a role in the rapid spread of "how to" information on these highly lethal intoxication methods. As of 2014, an estimated 54% of English-language websites resulting from suicide-related search terms provide factual, step by step "how to" information on high-lethality suicide methods [11] . The availability of such information has tripled since 2007 [11] . The rapid increase in suicides by charcoal-burning is also thought to be related to media portrayals of this method as a painless, peaceful, and effective [12] . In one study, the majority (87%) of individuals who had survived suicide attempt by burning charcoal indicated that the media had influenced their choice of method [13] . It appears that "how to" information is indeed used by people researching and seeking to perfect suicide methods [11, 14] .
Ecological studies have found mixed support that Internet searches for suicide-related terms correspond to increased rates of suicides [15] [16] [17] . Some findings indicate that trends in Internet search activity for specific suicide methods such as gassing are especially associated with suicide rates among those in their 20s and 30s [16] . Others find that more generic suicide-related search terms are inversely [18] or positively related to overall suicide rates [15, 17, 19] . However, studies investigating associations with rates of method-specific suicides and Internet activity in Western countries are lacking.
The overall goal of this paper is to examine whether there have been changes in specific suicide methods and demographics during the study period 2007-2015. Our first hypothesis is that suicide methods involving self-intoxications due to gassing have continued to increase since the time of the last such report (2007) through the year 2015 [1] . Second, we hypothesize that young individuals (under age 25) and females will have experienced large increases in this suicide method. Third, we expect that increases in suicides by gassing intoxication methods will be associated with Internet search activity for related terms.
Materials and methods

Data
Suicides. Yearly mortality data on all suicide deaths in Germany during the years 1998 to 2015 were obtained from the Federal Statistical Office of Germany [20] . We chose 1998 as the first year of the study period because it was the first year in which Germany implemented the current version of the International Classification of Diseases, ICD-10 [21] . The primary outcome variable was the crude rate of suicides in Germany from 1998 to 2015. To characterize trends in suicide rates for different population subgroups, the following independent variables were calculated: gender (male vs. female) and age (under 25 years; 25-44 years; 45-64; and 65 years and older).
Suicide methods were based on ICD-10 codes and organized as follows: self-poisoning by psychotropic drugs (X61-X63); self-poisoning by other drugs (X60, X64); self-poisoning due to gasses (X67); self-poisoning by other means (X65, X66, X68, and X69); hanging, strangling or suffocation (X70); drowning or submersion (X71); suicide by firearms (X72-X74); Stabbing with a sharp instrument (X78); jumping from high places (X80); being overrun (X81); and other suicide methods (X75-X77, X79, X82-X84). The identity of the specific gasses used in X67 suicide deaths were obtained from ICD-10 Chapter 19 codes T48.7 ("poisoning by other and unspecified agents primarily acting on the respiratory system-predominantly helium poisoning"), T58 ("toxic effect of carbon monoxide"), and T59.6 ("toxic effect of hydrogen sulphide").
Google searches. We obtained data on the frequency of Google searches made for the terms "depression", "selbstmord" (synonym of "Suizid"; in English: suicide), "suizid", "selbstmord methode", "selbstmord Holzkohle" (in English: suicide by charcoal burning), "exit bag", and "Kohlenmonoxid vergiftung" (in English: carbon monoxide intoxication) from the Google Trends (http://www.trends.google.com) website. Data were restricted to Germany and from January 1, 2007 through December 31, 2015. The absolute number of searches for each term is not given by Google Trends but is rescaled to a value between 0 and 100. We relied on Google, rather than other search engines, because Google is the most popular search engine in Germany, with approximately 87% and 98% of the market shares for desktop and mobile searches, respectively [22] . Searches for suicide-related terms in Google also return a greater proportion of websites dedicated exclusively to the topic of suicide (30% in contrast to 20.8% among Yahoo, Bing and Ask combined [11] . Although a greater proportion of young and middle aged adults than older adults use the Internet daily, the majority of individuals in the latter group had used the internet at least once in the past three months at the beginning of the study period in 2007 (72%) and at the end (year 2015) (96%) [23] .
Data analysis
To analyze crude German suicide rates between 1998 and 2015, the Joinpoint Regression Program version 4.4.0.0 [24] was used. The independent variable was "year" (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) and the dependent variable was a count variable of the annual number of suicides in Germany. The yearly German population was selected as the population variable. As heteroscedastic error option, Poisson variance was chosen. The selected regression formula was as follows: ln(y) = a + bx + ln(pop) (with y = the number of suicides, x = the year of suicide and pop = the population number per year). In the next step, the Annual Percentage Change (APC) with the corresponding 95% confidence interval (CI) was estimated for each suicide trend. Tests of parallelism were conducted to compare the mean joinpoint functions between different groups (e.g. males versus females). In these tests, the null hypothesis was that the two groups did not share a common slope.
Next, we explored the possibility that increases in specific suicide methods would be positively associated with trends in Google searches for related terms. To test this, we first converted the frequencies of each search term to z-scores which have a mean of zero and standard deviation of one. We computed Pearson correlations between each of the Google search terms and the number of annual suicides in Germany. To account for possible gender and age confounding in these analyses, correlations were conducted between Google search frequencies and the number of suicides for all suicide methods and gassing suicides (X67) stratified by gender and age. All statistical tests were two-tailed and interpreted at p < 0.05. This research was approved by the Leipzig University ethics committee and is therefore in accordance with the Declaration of Helsinki and its later amendments.
Results
Overall trends in suicide rates in Germany (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) Joinpoint regression analyses were conducted on overall crude suicide rates in Germany dur- When annual overall suicide rates were examined by age and gender, the only age-gender groups with significantly changing annual overall suicide rates were females ages 25-44 (AAPC = 1.19; 95% CI: 0.38-2.00; p = 0.01) and middle age females (ages 45-64) (AAPC = 2.27; 95% CI: 1.52-3.03; p < 0.01). Trends in suicide rates for individuals under age 25, older adults (ages 65 and up), and males did not significantly change. Suicides by self-poisoning due to gasses (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) Our second hypothesis was that young adults and adolescents (under age 25) and females would show especially large increases in gassing suicides (X67). The change in suicide rate by exposure to other gases and vapors (X67) was significantly more pronounced for females (AAPC = 23.29; 95% CI: 16.19 to 30.82; p < 0.001) compared to males (AAPC = 12.44; 95% CI: 7.90 to 17.17; p < 0.001) (test of parallelism: p < 0.001). In raw numbers, these differences corresponded to an increase in the number of gassing suicides in females of 500% from 2007 to 2015, and in males of 165% (Table 1) . Young females (under 25 years of age) also had substantial increases in the number of suicides by gassing (+450%), but the increase was highest among women ages 25-44 years (+833%). In males, the increase in gas suicides was highest among the young (ages < 25) (+287.5%). The majority of gassing suicides were due to carbon monoxide (X67_T58) at the beginning (2007; 77.7%) and at the end (2015; 85.7%) of the study period. Suicides due to helium poisoning and hydrogen sulfide were infrequent throughout the study period (fewer than 2 cases per year). Our second hypothesis was therefore confirmed; both the young and females had the largest increases in gassing suicides.
Associations of internet searches with suicide mortality
Our third hypothesis was that increases in gassing suicides (X67) would be positively correlated with the z-standardized frequency of Google searches for related terms. Results are presented in Table 2 . The pattern of results indicates that the most consistent and the largest correlations were between Google searches for "depression" and "carbon monoxide poisoning" and gassing suicides in males and females in each age group. In contrast, Google searches for "suicide by charcoal burning" did not correlate with gassing suicides in any of the age-gender subgroups. Only correlations with Google searches for "exit bag", a method of gassing suicide involving helium, argon, or nitrate, and gassing suicides in young males (< 25 years) and older women (> 65 years) were statistically significant. This pattern of results is partially congruent with our hypothesis and with our finding that the majority of the gassing suicides involved carbon monoxide.
Discussion
The overall goal of this study was to investigate current time trends in suicide rates in Germany from 2007 to 2015. Our analyses indicated that the leveling off of the overall suicide rate which was observed in 2006 [1] continued through 2015. While the rate of overall female suicides has steadily increased, the rate of male suicides has not. Time trend analyses confirmed our first hypothesis that underlying the sudden reversal of the decrease in suicides were large increases in self-poisonings due to gassing. In terms of the crude number of gas suicides, the increase was nearly 200% (191.85%) by 2015 compared to 2007. In contrast, the significant increase of suicides in Germany starting from 2007 no longer coincided with increases of suicides by the method "being overrun". This could point to an attenuation of the increase in railway suicides after the death of Robert Enke which had been present in the two-year period after this tragic event in 2009 [2] . Unemployment and sudden changes in income following the 2008 financial crisis are also factors which could have contributed to these rises in suicides [25] . The alarming trend in gassing suicides has also been observed in Sweden and Australia [9] , England and Wales [10] , and some US regions but not others [26, 27] , where carbon monoxide was also the predominant gas used [8, 10] . The abrupt changes in suicides by gassing, predominantly carbon monoxide, also correspond to observations in the early 2000s in Hong Kong and Taiwan [3] , and contrast with 16 US states, where overall suicide gassing rates remained flat during a similar period (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) [8] . However, underlying these non-increasing trends in overall gas suicides were substantial increases in suicides due to helium gas [3, 8] .
In the current study, suicides by other gases such as helium and hydrogen sulfide which have recently increased elsewhere [8, 10] , were too infrequent to separately identify trends in the current study. While carbon monoxide poisoning made up the majority of the gassing suicides, it could be that the gasses used in the remainder of the gassing suicides were classified as unknown, and could therefore be helium, which is difficult to detect post-mortem. Even when toxicology tests are performed, traces of inert gasses such as helium are either not present or present in very small amounts [28] . The numbers of helium suicides in the present study could therefore have been undercounted. The increase we observed in suicide by gassing was apparent in both genders, but was significantly more pronounced in females, which is in line with our second hypothesis. The number of female suicides by gassing increased by 500% from 2007 to 2015. The increase in suicides due to gassing in females in Germany corresponds to female preferences for selfintoxication methods and a greater proportion of non-fatal compared to fatal self-intoxication suicidal acts [29] . The high numbers of suicidal acts using intoxication highlight the fact that the availability of information on lethal intoxication methods using commonly available materials such as charcoal will have a pronounced effect on suicide rates, especially for females.
More fine-grained analysis also indicated that young (ages < 25 years) males and young (ages < 25 and ages 25-44 years) females had especially marked changes in suicides by gassing. Our findings are partially congruent with the young and male characteristics of what could be "early adopters" of gassing suicide methods [3, 10] . A US study provided descriptive data on gender and found the male: female ratio for helium suicides to be very similar to the national trend [26] , although no statistical tests were performed. Researchers from other Western [10, 30] and Asian countries [3] have found males and younger individuals to be overrepresented in helium suicides. Helium suicides in Australia increased 163% over similar time periods and suicide decedents ages 20-29 and males were overrepresented [9] . Although research regarding whether gender increases the risk of suicide by gassing is mixed, it does appear that the young are particularly vulnerable.
Internet search activity and suicides
The sudden increase in carbon monoxide suicides could be explained by the increased availability of suicide-related information in the Internet. We had hypothesized that increases in suicides by gassing methods would be significantly associated with Internet search activity for related terms. In support of this hypothesis, the frequency of suicides by gassing was significantly associated with Internet searches for "carbon monoxide poisoning" for all suicide decedents, independent of age. We did not, however, find significant associations with "suicide by charcoal burning". It could be that the users of carbon monoxide suicide methods were more likely to use certain search terms rather than others and did in fact use charcoal burning methods. Alternatively, the suicide decedents in this study could have used carbon monoxide methods other than charcoal burning. These findings could indicate an elevated general suicide risk in people searching for online information about carbon monoxide poisoning. In view of the cross-sectional design of our study, it is not possible to derive a causal interpretation of our findings.
It could be that high profile news reports of carbon monoxide suicides have contributed to the recent rapid uptake of this method in Germany, as has been seen in other countries [5, 12] . A Google search for news items related to helium suicides during the study period (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) in Germany corresponded to an increased number of instructions in suicide forums and advise from suicide aid organisations like Exit and Dignitas [31] . News reports for only one celebrity suicide by using helium were documented for Ilya Zhitomirskiy (1989-2011), one of the developers of the open-source software "Diaspora". In contrast, there were several publicized reports of suicides using carbon monoxide gassing methods during the time period examined in the current study. In 2010 in the German town of Kürten, three young (age 20 years) friends died by self-poisoning by burnt gas from a barbecue in a closed room. In August 2011 three more young women (between 16 and 19 years) died by self-poisoning using a charcoal grill.
Additionally, two celebrity suicides which occurred during the study period are also of interest. The US singer Brad Delp (from the rock band Boston) died by suicide when he burnt two barbecues in a closed bathroom. In 2012, Claudia Börner (1979-2012), a model known from a German cooking TV show who had been a victim of cyber mobbing died by suicide using the same method. While we obtained these news reports via Google with specific search terms (carbon monoxide poisoning), it could be that vulnerable individuals were first exposed to these suicide methods through news reports, and then later used specific search terms (e.g. "carbon monoxide poisoning") to obtain "how-to" information on the method when they were feeling suicidal.
Limitations
Our analyses relied on the ICD-10 classification system and were therefore unable to determine the source of the gasses that were involved. Determining the source of the gasses used would have provided important information for means restriction efforts [32] . Second, our analyses with Google search data are limited to demonstrating association at the population level, but not temporal precedence. Correspondingly, while several high-profile news reports of gassing suicides took place during the study period, we could not determine whether exposure to these stories had influenced this recent uptake in gassing suicides. In order to demonstrate that the aforementioned media reports about suicides with a certain method led to copycat suicides, we would need a much narrower time frame regarding suicides with this method. Further, individual level and not ecological data are needed to more firmly establish that suicidal persons in Germany were indeed utilizing material found online to inform their choice of suicide method. We were also unable to include data on other suicide risk factors aside from gender and age because of German data protection laws.
Implications
This research underscores the importance of establishing suicide surveillance systems to identify and prevent the spread of novel suicide methods. Our findings document rising rates of suicide in females, particularly due to self-poisoning by gasses, and indicate carbon monoxide poisoning specifically. The systematic inclusion of information on the source of specific gasses in surveillance will facilitate prevention efforts. Close involvement of the media to discourage detailed reporting of gassing suicide deaths may also be useful in preventing the spread and appeal of these painless suicide methods [33] .
Conclusions
The findings in this study are in line with what has recently been observed regarding abrupt increases in carbon monoxide gassing in several other countries. These increases in self-poisoning suicides by gasses were inconsistently related to Internet searches for related terms. Together, these results underscore the importance of ongoing systematic surveillance not only of suicide methods, but of forums such as the Internet that may provide suicidal individuals with information on suicide methods.
